Diels-Alder reaction is one of the most effective methods to prepare complex organic molecules. 1 The reaction provides up to four stereogenic centers in one step. The asymmetric Diels-Alder reaction has been carried out using a chiral auxiliary and a chiral catalyst. 2, 3 Chiral dienophiles were often employed as chiral auxiliaries, derived from many functional groups such as alcohols, amines, oxazolidinones, and sultams. [4] [5] [6] [7] Diels-Alder cycloadditions of chiral dienophiles with cyclopentadiene proceed with diastereofacial selectivity, giving either endo-R or endo-S compounds as a major component, depending on Lewis acids used.
In the reaction, the inverse asymmetric induction has been observed by the use of either monovalent Lewis acids or divalent Lewis acids. The reaction of the acrylate of (S)-ethyl lactate with cyclopentadiene proceeded with 86% endo-S selectivity in the presence of TiCl4, divalent Lewis acid, whereas did with 32% endo-R selectivity in the presence of BF3·Et2O, monovalent Lewis acid. 5 When a chiral dienophile which was prepared from benzyl ester of (S)-proline 6 or methyl ester of (S)-indoline-2-carboxylic acid 7 was employed in the reaction, a similar diastereofacial selectivity was also observed. Recently, we reported the similar selectivity in the reaction of methyl (2S,5S)-(5-t-butyldimethylsilyloxypiperidin-2-yl)ethanoate with cyclopentadiene. 8 The different diastereoselectivity in the reaction was often rationalized by the chelation between dienophiles and Lewis acids. [5] [6] [7] [8] The coordination between a metal and a substrate was proven by X-Ray analysis; 5-membered ring complex was formed between TiCl4 and ethyl lactate. 9 In the case of α,β-unsaturated N-acyloxazolidinones, 6-membered chelation was proposed by a NMR spectral analysis. 10 According to Waldmann's 6 and Kim's reports, 7 7-membered ring complex was formed between TiCl4 and dienophiles. We also suggested that 8-membered chelation might affect the diastereoselectivity.
In this report, we tried to elucidate the effect of 8-membered ring complex in Diels-Alder reaction. Axial ester 3, prepared from methyl 8-aza-3β-benzoyloxybicyclo-[3.2.1]octane-2β-carboxylate, might be able to form 8-membered chelation between axial ester 3 and TiCl4, a divalent Lewis acid catalyst. Whereas equatorial ester 5 should not form any cyclic complex with N-acyl moiety.
As shown in Table 1 , the amount of 4a and 4b was almost same when the reaction was taken place without a catalyst (entry 1). In the presence of monovalent Lewis acids, 4a was given as a major compound in the reaction of 3 (entries 2, 3). However, divalent Lewis acids were employed in the reaction, 4b was major (entries 4, 5). In the reaction of dienophile 3, a best diastereoselectivity was obtained with AlCl3 (entry 2). Again as shown in Table 2 , without a catalyst, the amount of 6a and 6b was almost same in the reaction of 5, the C2 epimer of 3 (entry 1). However, the reaction of dienophile 5 with cyclopentadiene proceeded with same diastereoselectivity to give 6a as a major * Corresponding Author. e-mail: kyoohyun@inha.ac.kr compound, regardless of Lewis acids (entries 2-5).
TiCl 4 , a divalent metal compound, forms chelation with amide 3 and the ester carbonyl moiety, resulting that a cisoid conformation was preferred to the transoid one. On the other hand, AlCl 3 , a monovalent one, coordinated only by amide carbonyl group, resulting that the transoid one was favored. [6] [7] [8] As expected, a metal coordinated with the amide carbonyl group of compound 5, and the same diastereomer was given as a major compound.
In Diels-Alder reaction, 8-membered chelation was once reported, but 8-or larger membered ring complex was often considered in other reactions, such as asymmetric hydrogenation, 11 allylic alkylation, 12 and so on. 13 In summary, Lewis acids apparently affected the diastereofacial selectivity. A divalent Lewis acid might be involved in the formation of 8-menbered chelation which was effective enough to distinguish between the transoid and cisoid comformer of a N-acryloyl chiral dienophile in Diels-Alder reaction with cyclopentadiene.
Experimental Section
All chemicals were reagent grade (Aldrich Chemical Co.) and were used as purchased without further purification. The chirality of C2 position in the norbonene moiety of the major compound. The authentic 6b was prepared from endo-(2R)-5-norbonene-2-carboxylic acid. 6 purified by column chromatography on silica gel (EtOAc/ hexane, 1 : 3), and the yield and the diastereomeric ratio were determined by HPLC analysis. 
